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PreviewsSrivastava group’s system. An obvious
difference between the two studies is
the differentiation status of the targeted
cells: fully differentiated fibroblasts versus
unspecified mesodermal cells. Fibroblast
conversion to cardiomyocytes can pro-
ceed without an intervening mesodermal
or progenitor stage (Ieda et al., 2010),
so it is conceivable that distinct starting
cells may respond differently to the same
factors. It would be of interest to investi-
gate whether inducible and temporal
activation of selected factors would
affect reprogramming efficiency, epige-
netic status, maturation, function, and
stability of the resulting cardiomyocytes,
especially because reprogrammed cardi-
omyocytes were similar but not identical
to neonatal cardiomyocytes.
There will be obvious important clinical
implications if generic and robust iCM
production protocols can be developed
and applied for adult human cells.
Althoughmany hurdles remain to be over-
come in order to establish effective cell-
based therapies (Passier et al., 2008),
patient-derived iCMs may be used in
the future for treatment of heart disease
and would offer advantages over iPSC-derived cardiomyocytes. First, direct re-
programming avoids residual pluripotent
stemcells in the transplanted populations,
eliminating the risk of teratoma formation.
Second, higher yields and faster kinetics
of cardiomyocyte production would lower
the costs and reduce the delivery time to
patients andmay permit the use of autolo-
gous cells even for acute conditions.
Nevertheless, other safety issues would
still need to be addressed, including the
risk of genomic integration of foreign
genetic material, spontaneous transfor-
mation during cell expansion in culture,
and cardiac arrhythmias after transplanta-
tion to the human heart. Besides future
therapeutic applications, however, much
more immediate clinical relevance is
found in the biotechnology and pharma-
ceutical industries. These companies are
actively seekingpredictive humandisease
models for target and drug discovery.
Future comparisons between human
pluripotent stem cell-derived (both from
iPSCs or genetically manipulated human
ESCs) or directly reprogrammed cardio-
myocytes (or other specialized cell types)
with native populations will be needed to
determine the relevance of any of theseCell Stem Cel‘‘manufactured’’ cells for high-throughput
drug and compound screening.
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Neural precursor cells (NPCs) reside in the subventricular zone in association with blood vessels and epen-
dymal cells. In this issue of Cell Stem Cell, Kokovay et al. (2010) show that SDF1 directs the association of
NPCs with this niche and regulates their lineage progression in a stage-specific manner.In the adult brain, a few areas of active
neurogenesis churn out new neurons
that will ultimately incorporate into the ex-
isting circuitry of specific brain structures.
One of these areas is the subventricular
zone (SVZ) lining the lateral ventricles,
where the progression from quiescent
stem cell to migrating neuroblast followsan orchestrated program (Figure 1). Qui-
escent multipotential neural stem cells
(NSCs), called B cells, are found in the
SVZ. When activated they produce rap-
idly dividing type C transient-amplifying
cells that then give rise to type A neuro-
blasts. The neuroblasts then migrate
away from the lateral ventricles to theolfactory bulbs via the rostral migratory
stream (Miller and Gauthier-Fisher, 2009).
In addition to understanding the lineage
relationship between neural cells in the
SVZ, there is increasing focus on how
the SVZ microenvironment both helps
maintain the stem cell pool and facilitates
neuroblast production. Understandingl 7, August 6, 2010 ª2010 Elsevier Inc. 141
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Figure 1. Schematic Diagram of the SVZ Stem Cell Niche
Quiescent B cells (Bq) are in a subependymal positionwith an apical process in
contact with the ventricular space. Once activated (Ba), these cells generate
transiently amplifying C cells positioned in close proximity to blood vessels.
Both the ependyma and vessels express SDF1 that drives the expression of
receptors that regulate proliferative behavior (EGFR) and cell adhesion
(a6b1). C cells generate A cells, which then migrate to the olfactory bulb via
the rostral migratory stream.
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Previewshow NSCs associate with
their niche will probably be
of major importance in under-
standing how the embryonic
NSC niche (the ventricular
zone) matures into the adult
SVZ and perhaps be of rele-
vance to designing strategies
to allow productive regenera-
tion in the adult nervous
system via either endoge-
nous or transplanted stem
cells. Of particular interest
along these lines is the exten-
sive network of blood vessels
within the SVZ, which serves
both as a potential source of
diffusible cues as well as
a cellular scaffolding for NSCand migrating neuroblast organization.
Previous work has established that endo-
thelial-derived signals stimulate NSC
renewal in vitro and that proliferating
type B and type C cells within the SVZ
preferentially associate with the surface
of blood vessels (Figure 1; Miller and
Gauthier-Fisher, 2009). Up to this point,
however, it has been unclear why these
cells are attracted to the surface of blood
vessels. In this issue of Cell Stem Cell,
Kokovay et al. (2010) show that the well-
known chemoattractant SDF1 (also called
Cxcl12) is the key factor underlying the
homing of SVZ NSCs to the vascular
niche.
In this paper, the authors build upon
their previous work by dissecting the
molecular mechanism underlying the
attraction of NSCs to the vasculature. To
determine whether neural progenitor cells
(NPCs) from the adult SVZ are specifically
attracted to blood vessels, the authors in-
jected GFP-labeled NPCs into the lateral
ventricles of adult mice and found that,
consistent with previous in vivo data,
about half of the GFP+ NPCs localized
within 5 microns of an SVZ blood vessel.
This observation suggests that the vascu-
lature releases a potent ‘‘homing’’ factor
that attracts NPCs. SDF1 is critical for
mediating the homing of hematopoietic
stem cells (HSCs) within bone marrow
(Kaplan et al., 2007), so the authors tested
the idea that SDF1 plays a similar role in
the guiding of transplanted NPCs to the
neurovascular niche. Almost all neural
cell types in the SVZ expressed the
SDF1 receptor Cxcr4 and, interestingly,
SDF1 was expressed not only by SVZ142 Cell Stem Cell 7, August 6, 2010 ª2010 Eblood vessels but to an even greater
extent by the ependymal cells that line
the lateral ventricles (Figure 1). To test
whether SDF1 is the homing factor
released by the SVZ, the authors per-
formed a series of in vitro and in vivo
chemotaxis assays with a Cxcr4 antago-
nist or GFP+ NPCs in which Cxcr4 expres-
sion was decreased with shRNA. Inhibi-
tion or knockdown of Cxcr4 limited the
ability of transplanted cells to home to
the SVZ vasculature. This is compelling
evidence that, like other stem cell popula-
tions, NPCs use SDF1/Cxcr4 signaling to
find their proper niche.
An interesting aspect of SDF1/Cxcr4
signaling is that this pathway mediates
different effects depending on ligand con-
centration and the state of the receptor-
expressing cell. For example, Cxcr4 is
expressed by all neural lineage cells in
the SVZ, yet actively proliferating or
migrating SVZ cells exhibit a preferential
affinity for SDF1-expressing vasculature.
To characterize this effect, the authors
examined the degree to which different
SVZ cell subpopulations migrated in
response to an SDF1 gradient. Activated
type B NSCs, type C transient amplifying
cells, and type A neuroblasts all displayed
chemotaxis toward SDF1 or endothelial
cell conditioned medium, but quiescent
type B NSCs did not. These results are
satisfying in particular because quiescent
type B NSCs are largely thought to
be embedded within the subependymal
zone with a specific cellular footprint in
the ependyma, whereas activated B cells
and particularly the type C cells are
presumed to have relocated to reside inlsevier Inc.close proximity to blood
vessels deeper in the SVZ.
Type A cells are even more
motile and migrate very
quickly to the olfactory bulb
(Miller and Gauthier-Fisher,
2009).
How does SDF1 regulate
the adherence of NPCs to
blood vessels? The authors
found that these cells ex-
pressed elevated levels of
EGFR and integrin a6b1, a
laminin receptor, in response
to SDF1 treatment. The integ-
rin was previously shown by
the authors to regulate adher-
ence of type B and type C
cells to the SVZ vasculature(Shen et al., 2008), and EGFR is a known
regulator of NPC proliferation (Miller
and Gauthier-Fisher, 2009). Interestingly,
SDF1 increased integrin a6 and EGFR
expression in cells that already expressed
the proteins but had no effect on nonex-
pressing cells, namely quiescent type
B cells (Figure 1). This finding suggests
that not only are subpopulations of pro-
genitors specifically primed to respond
to the chemoattractive function of SDF1,
but that the chemokine may function to
augment activation of cells through upre-
gulation of proteins involved in prolifera-
tion and adhesion/migration.
One of the interesting questions that
arise from this study is how the differen-
tial responsiveness to SDF1 functions
within the neurovascular niche. The
authors suggest that the high level of
SDF1 in the ependymal layer, rather
than being permissive for migration,
may function to help adjacent B cells
remain quiescent, as has been observed
in HSCs. According to this line of reason-
ing, it remains to be seen why vascula-
ture-secreted SDF1 attracts certain SVZ
cells but not others. One possibility is
that the blood vessels produce levels
of SDF1 that are optimal for chemo-
taxis and, once they’ve been recruited,
actively proliferating cells are retained
because of the presence of a6b1 binding
to the ECM that coats the local blood
vessels. Now that SDF1/Cxcr4 signaling
has been identified as a critical homing
factor in the SVZ niche, future studies
may answer how and why the effect of
SDF1 is dependent on the lineage stage
of the cell.
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PreviewsThe homing function of SDF1/Cxcr4
signaling in the neurovascular niche is
reminiscent not only of HSCs, but also of
the role that this pathway plays in both
cerebellar and dentate gyrus develop-
ment. In each case, SDF1 expressed by
the pial meninges temporarily holds pro-
liferating embryonic neural progenitors
near the pial surface (Li et al., 2009; Zhu
et al., 2002). It is tempting to speculate
that in both the adult SVZ and the embry-
onic brain, SDF1/Cxcr4 signaling posi-
tions neural progenitors near structures
(blood vessels and meninges) that pro-
vide additional important proliferation or
differentiation cues. Indeed, endothelial
conditioned media has previously been
shown to promote NSC renewal (Shen
et al., 2004) and, more recently, pigment
epithelium-derived factor has been identi-
fied as a vascular-derived factor that
promotes NSC proliferation in the adult
SVZ through upregulation of notch
signaling (Andreu-Agullo´ et al., 2009). It
will be interesting to determine whetherSDF1 signaling also plays a role in other
contexts where neural precursors asso-
ciate with blood vessels, for instance the
recently recognized association of inter-
mediate neural progenitors with blood
vessels in the developing cortex (Javaher-
ian and Kriegstein, 2009; Stubbs et al.,
2009).
By identifying SDF1/Cxcr4 signaling as
a component of the SVZ niche, Kokovay
et al. (2010) provide important new insight
into the nature of the relationship between
NSCs and the resident vasculature. Iden-
tifying chemotactic factors for NSCs may
have important implications for under-
standing invasiveness of neural tumor
cells and how to manipulate NSCs for
therapeutic purposes.REFERENCES
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Recently in Nature Cell Biology, Connelly et al. (2010) identified biomechanical sensing mechanisms that link
the physical shape of the stem cell microenvironment to epithelial stem cell fate decisions. Ultimately, the
integration of extrinsic and intrinsic signals controls stem cell self-renewal or differentiation.The continuous replacement of exfoliated
skin cells and tissue repair upon injury both
depend on the regenerative capacity of
epidermal stem cells, which are located in
the basal layer of the skin. These cells are
capable of self-renewal, but can only prolif-
erate when attached to extracellular matrix
(ECM) components of the basalmembrane,
and undergo terminal differentiation once
they leave the basal layer of the stratified
epithelium.Cell attachment to theECM initi-
ates rapid changes in the cellular actin-
based cytoskeleton concomitant with the
activation of multiple signaling networks
that transducepositional andenvironmentalinformation into specific nuclear gene
expression programs. Hence, it is not
surprising that the interactions between the
epidermal stem cells and the ECM through
integrin-mediated adhesions can influence
the ability of these stem cells to survive,
proliferate, and self-renew. However, how
the ECM, a key component of the niche in
which theepithelial stemcells reside,specif-
ically controls stem cell fate decisions is still
unclear. In this regard, it is now possible to
engineer single-cell microenvironments,
enabling the study of the biological conse-
quences of external perturbations individu-
ally and/or combined. Recently in NatureCell Biology, Connelly et al. (2010) generate
ECM-coated micropatterned surfaces of
varying shapes and sizes and use them to
manipulate the fate of epidermal progeni-
tors. Overall, the authors provide a mecha-
nism by which the physical shape of the
stem cell microenvironment can control
epithelial stem cell fate decisions, thereby
regulating the cell choice between growth
and survival or the activation of terminal
differentiation programs.
Connelly et al. (2010) observed that basal
keratinocytes, including epithelial stem
cells, spread and retain their proliferative
capacity when attached to 50 mm diameterl 7, August 6, 2010 ª2010 Elsevier Inc. 143
